insight into several aspects of aesthetic experience. Stimulus-focused studies have determined key object properties that, on average, increase or decrease the aesthetic appeal of an object, such as symmetry and curvature. Responsefocused studies have started to describe the processes that underlie aesthetic pleasure and their neural correlates independent of stimulus properties. So far, research indicates that aesthetic response requires successful early sensory processing and that there is an especially tight, linear relation between beauty and pleasure responses. Neurally, parts of the ventro-medial orbitofrontal cortex play a crucial role for processing beauty across many stimulus modalities.
Botanical parasitism of an insect by a parasitic plant
Scott P. Egan*, Linyi Zhang, Mattheau Comerford, and Glen R. Hood
We report evidence of a new trophic interaction in nature whereby a parasitic plant attacks multiple species of insects that manipulate plant tissue when the two co-occur on a shared primary host plant. Most plant species are attacked by a great diversity of external and internal herbivores [1] . One common herbivore guild, gall-forming insects, induce tumor-like structures of nutrient-rich plant tissue within which immature insects feed and develop [2, 3] . While the gall is made of plant Correspondence tissue, its growth and development are controlled by the insect and it therefore represents an extended phenotype of the gall former [4] . Typically, parasitic plants attack other plants to gain nutritional requirements by connecting directly to the vascular system of their hosts using modifi ed root structures called haustoria [5] . Here, we document the fi rst observation of a parasitic plant attacking the insect-induced galls of multiple gall-forming species and provide evidence that this interaction negatively affects gall former fi tness.
In a native scrub habitat in southern Florida, USA (27°1' 39.9648'' N; 80°6' 33.444'' W), we discovered the parasitic love vine, Cassytha fi liformis (Lauraceae), attacking two species of gall-forming cynipid wasps on the sand live oak, Quercus geminata (Fagaceae). The gall wasp most commonly parasitized by C. fi liformis was Belonocnema treatae (Hymenoptera: Cynipidae), which forms spherical, (Figure S1A,B) . The presence of C. fi liformis haustoria connected to B. treatae galls was associated with differences in gall size, an important phenotype that infl uences natural enemy attack and serves as a proxy for wasp fi tness [6, 7] . Of 152 galls measured, those galls with haustoria attached were 35% larger (n=51; mean diameter=5.57 ± 0.14 mm SE) than galls not parasitized (n=101; 4.11±0.19 mm SE; t=5.01; P<0.0001; Figure 1C ). This difference was driven by the lack of smaller galls attacked by C. fi liformis (Supplemental Information: K-S test: D=0.4754; P<0.0001; Figure S1C ), where no gall smaller than 3.50 mm in diameter was parasitized. Although larger, attacked galls were associated with a negative effect on gall wasp survival. We dissected 51 B. treatae galls attacked by C. fi liformis and 23 had a dead 'mummifi ed' adult B. treatae inside (45%). For the 101 B. treatae galls not attacked by C. fi liformis, we found only 2 individuals with dead adult B. treatae (2%; all other galls possessed an emergence hole made by either the gall wasp or natural enemy). The difference in the proportion of dead wasps associated with C. fi liformis attack was highly signifi cant among all galls ( 2 =45.85, P<0.0001; Figure 1D ), even after limiting our comparison to galls of a similar size (by dropping all galls below 3.5 mm in diameter;  2 =28.02, P<0.0001), suggesting that C. fi liformis has an important negative impact on gall wasp survival.
Consistent with this being a potentially general, but previously unrecognized, trophic interaction, C. fi liformis haustoria were observed directly attacking a large multichambered stem swelling gall induced by a second, but less abundant, gall-forming wasp, Callirhytis quercusbatatoides, at the same site in southern Florida ( Figure S2A,B) . Of the 65 galls surveyed, attack of C. quercusbatatoides was observed 11 times (17%), with a range of one to fi ve haustoria connected to a single gall (mean=1.50±0.44 SE). Once again, C. fi liformis parasitism was associated with a modifi ed gall phenotype. Here, C. quercusbatatoides galls attacked by the vine were 13.5% smaller (n=11; mean diameter for parasitized galls ± SE=14.41±0.64 mm) than non-parasitized galls (n=54; mean diameter for galls not parasitized ± SE=16.65±0.47 mm; t=2.07; P=0.043). In addition, C. fi liformis was found in association with fi ve other gall-forming species, including two wasps that induce galls on the bottom of new leaves (Andricus quercuslanigera, Neuroterus minutissimus), where C. fi liformis were also found to form haustoria. In addition, C. fi liformis was found in association with fi ve other gall-forming species. This included two wasps that induce galls on the bottom of new leaves (Andricus quercuslanigera, Neuroterus minutissimus), where the vine was also found to form haustoria, and two wasps (Disholcaspis quercusvirens, A. quercusfoliatus) and one gall forming fl y (Arnoldiola atra [Cecidomyidae: Diptera]) that manipulate stems or buds, where the vine was observed to wrap tightly, multiple times, directly below the gall and initiate haustoria into the stem tissue ( Figure S2C) .
Is this truly a new trophic interaction? Certainly, it is well documented that carnivorous plants can consume insects directly [8] , and there is evidence that parasitic plants can indirectly alter host plant interactions with other herbivorous community members [9, 10] . There is also evidence that other guilds of parasitic wasps (such as inquilines) can attack and manipulate the gall formation process, sometimes killing the gall former [3] . However, this is the fi rst report of a parasitic plant directly attacking an insect-induced plant structure that negatively impacts the insects' fi tness and/or survival. How common is this new trophic interaction in nature? The potential is global in scale, as parasitic plants comprise 1% of angiosperm diversity (~4,500 species in 20 families) [5] and gall formation has been described in over 13,000 species in six insect orders [2, 3] , and both live in almost every terrestrial habitat on Earth.
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